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ABSTRACT
The Indian River Basin, located near Sitka Alaska, drains an area of 12.3 square miles. This watershed is an important natural resource of Sitka National Historic Park. At the present time, the watershed faces possible development on large tracts of private land upstream of the park that could affect the water quality of Indian River. Due to this concern, a study was conducted cooperatively with the National Park Service. The approach was to examine the water quality of the Indian River in the upper part of the watershed where no development has occurred and in the lower part of the basin where development has taken place.
Measurements of pH, water temperature, and dissolved oxygen concentrations of the Indian River were within acceptable ranges for fish survival. The Indian River is calcium bicarbonate type water with a low buffering capacity. Concentrations of dissolved ions and nutrients generally were low and exhibited little variation between the two study sites. Analysis of bed sediment trace element concentrations at both sampling sites indicates the threshold effect concentration was exceeded for arsenic, chromium, copper, nickel, and zinc; while the probable effect concentration was exceeded by arsenic, chromium and nickel. However, due to relatively large amounts of organic carbon present in the bed sediments, the potential toxicity from trace elements is low.
Discharge in the Indian River is typical of coastal southeast Alaska streams where low flows generally are in late winter and early spring and greater flows are during the wetter fall months. Alaska Department of Fish and Game has established instream flow reservations on the lower 2.5 miles of the Indian River. Discharge data indicate minimum flow requirements were not achieved during 236 days of the study period. Natural low flows are frequently below the flow reservations, but diversions resulted in flow reservations not being met a total of 140 days.
Thirty-five algae species were identified from the sample collected at Indian River near Sitka while 24 species were identified from the sample collected at Indian River at Sitka. Most species of algae identified in the Indian River samples were diatoms and the majority were pinnate diatoms; however, green algae and (or) blue-green algae accounted for much of the algal biomass at the two sites. The trophic condition of the Indian River is oligotrophic, and algal productivity likely is limited by low concentrations of dissolved nitrogen.
Few invertebrate taxa were collected relative to many high-quality streams in the contiguous United States, but the number of taxa in Indian River appears to be typical of Alaska streams. Ephemeroptera was the most abundant order sampled followed by Diptera.
INTRODUCTION
The Indian River is located in southeast Alaska, near the town of Sitka ( fig. 1) , and drains area of 12.3 mi 2 ( fig. 2 ). Sitka National Historical Park (SNHP) is located near the mouth of the Indian River ( fig. 1 ) and preserves historically and culturally significant sites and artifacts related to the 1804 Battle of Sitka, the Russian-American period in Alaska, and the Alaska Native people of southeast Alaska. Indian River is an important natural resource in SNHP and provides a critical link to understanding the cultural history and events that took place in the 1800's. The convergence of the Indian River, the coastal rainforest, and the Pacific Ocean provides a biologically rich environment for a variety of aquatic resources including pink, chum, chinook, and coho salmon; Dolly Varden and steelhead trout.
Until recently urban development within the Indian River watershed has been limited to relatively small areas in the lower reaches ( fig. 1 ). Additional reaches upstream of the park may be developed in the future. City and Borough of Sitka (CBS) lands adjacent to the river have been rezoned from public to residential. Housing developments with large impervious areas have already been developed. An additional 180 acres of private land has been recently marketed for further development. It is necessary to document the current chemical and physical aspects of the Indian River to determine the potential effects of development on the water quality and habitat of the Indian River.
Water Quality and Streamflow of the Indian River, Sitka, Alaska, [2001] [2002] water quality of the Indian River has been affected by development, and (2) establish a baseline water-quality data base for the Indian River that can determine potential effects of development on the water quality in the Indian River. In addition to the water quality of the Indian River, flow characteristics, streambed sediments, physical habitat, and benthic communities of the river are also assessed.
Description of Study Area
Sitka is located on the western side of Baranof Island ( fig. 1) , and is the largest population center on the island, and
Purpose and Scope
This report summarizes the results of a cooperative study of the National Park Service (NPS) and the U.S. Geological Survey (USGS) to study the water quality of the Indian River. The purpose of this study was to (1) determine if the present . The gage was installed in September of 1998 and is located approximately 0.6 miles upstream from the mouth. This gage provides information on streamflow just upstream of SNHP.
Indian River Diversion
At both streamflow sites, water-quality monitors were installed to collect continuous water temperature and specific conductance data. These water-quality data provide information on water-quality changes with flow or time of year and also aid in identifying differences in water-quality parameters between sites.
Water-quality sample collection began in January 2001. Eleven sample sets were collected at each of the two sites on Indian River. Figure 3 shows a flow duration curve for Indian River near Sitka for the 2001 and 2002 water years. Flow duration curves show the average percentage of time that specific daily mean flows are equaled or exceeded at sites where continuous records of daily flow are available. Sampling was conducted at approximately 6-8 week intervals and over a range of flows. Using this approach, the flows sampled ranged from five percent exceedance to 99 percent exceedance ( fig. 3 ). Water samples were analyzed for field parameters, major ions, dissolved solids, nutrients, organic carbon, and suspended sediment. Sampling equipment was cleaned prior to use with a nonphosphate laboratory detergent and rinsed with deionized water and finally by stream water just prior to sample collection. Depth-integrated-water samples were collected across the stream using the equal-width-increment method (Edwards and Glysson, 1988) and processed within hours using methods and equipment described by Shelton (1994) . Samples for organic carbon analysis were collected separately by dipping a baked glass bottle in the centroid of flow. Samples to be analyzed for dissolved constituents were filtered through 0.45-µm capsule filters. Water samples were sent to the USGS National Water-Quality Laboratory (NWQL) in Lakewood, Colorado, for analysis using standard USGS analytical methods (Fishman and Friedman, 1989; Patton and Truitt, 1992; Fishman, 1993) . Suspended-sediment samples were sent to the USGS Sediment Analysis Laboratory in Vancouver, Washington for concentration and particle size analysis.
A Yellow Springs Instrument (YSI) meter was used for cross-sectional measurement of specific conductance, pH, water temperature, and dissolved-oxygen concentration at the time of sampling. On site water-quality probes were cleaned at the time of sampling and field measurements were compared with the water-quality probe reading to ensure accurate readings. Adjustments to continuous water-quality data were made when necessary to reflect the YSI reading using methods outlined by Wagner and others (2000) . Discharge measurements were made at the time of sampling using methods outlined by Rantz and others (1982) .
Streambed sediments were sampled in May 2001, at both sites. At each site, sediments were collected from the surface of the streambed using Teflon tubes or Teflon coated spoons and composited in glass bowls (Shelton and Capel, 1994) . Two types of samples were obtained from this composite: samples third largest population center in southeast Alaska. Located within Sitka Sound, but near the outer coast of the Pacific Ocean, Sitka is about 100 miles southwest of Juneau. The community is accessible only by plane or boat. The population of Sitka is 8,835, which represents an increase of about 13 percent since the 1980 census (City and Borough of Sitka, 2002) .
Indian River flows through a large U-shaped post-glacial valley, with elevations in the basin ranging from sea level to about 3,700 feet ( fig. 2) . A large portion of the upper basin drains alpine regions while the valley floor is relatively wide, flat, and covered by muskeg and spruce forest. As the Indian River flows toward the mouth it flows through a recently developed region with increasing road densities and housing developments. In the distal reach, the river bisects SNHP. The lower 0.4 miles of the Indian River can be characterized as a low gradient gravel-cobble bed alluvial channel.
Sitka has a maritime climate. Average daily temperatures in Sitka range from 34 °F (1 °C) in January to around 55°F (13 °C) in July and August. Average annual precipitation at the Sitka Airport averages about 90 inches with most precipitation occurring as rain. The steep topography in the upper reaches of Indian River likely accumulates considerably more precipitation including a substantial snow pack during some years. The Indian River near Sitka gaging station (fig. 2, No. 15087690) indicates the average annual runoff for the basin is 123 in. The driest months of the year are May, June, and July when high-pressure systems move through southeast Alaska. The late summer and early fall months are dominated by low-pressure systems generating frequent storms and large amounts of precipitation. September, October, and November are the wettest months with average October precipitation of about 13 in. (National Oceanic and Atmospheric Administration, 2002).
METHODS OF DATA COLLECTION AND ANALYSIS
To accomplish the objectives of the study, a site in the upper part of the Indian River watershed that represents an undeveloped area, and a site in the lower section of the river that represents development were chosen for study. Water quality, streamflow, streambed sediment, and biological data were collected, analyzed, and compared for these two sites.
Streamflow on the Indian River was measured at two sites during the study period ( fig. 2) . The upper site, Indian River near Sitka (USGS station number 15087690) drains an area of 10.3 mi 2 and was gaged by the USGS from 1980 through 1993. The gage was re-established in September 1998 and provides information on streamflow upstream of SNHP and two streamflow diversion structures operated by the CBS, and Sheldon Jackson College (SJC).
The USGS stream gage Indian River at Sitka ( fig. 2 , USGS station number 15087700) is located downstream of both the CBS and SJC diversions and drains an area of 11.8 for semi-volatile organic compounds (SVOCs) were passed through a 2-mm stainless-steel sieve; and a sample for trace elements was passed through a 0.063-mm Nylon sieve. Up to 250 ml of stream water was used for sieving the trace-element sample. Samples for SVOCs and trace elements were chilled after sieving. Water included in the trace-element sample was decanted after very fine-grained sediments had settled.
Details of laboratory methods related to the analysis of SVOCs in streambed sediments are described by Furlong and others (1996) . The analytical results for constituents are expressed as concentrations when they exceed a minimumreporting limit (MRL), or estimated (E) when are detected, but they are less than the MRL. Arbogast (1990) describes laboratory procedures followed for processing streambed samples for trace element analysis. Trace elements in streambed sediments were analyzed following a total digestion procedure. As such, these data may be more useful for differentiating source areas of sediments than for detecting anthropogenic effects, or for determining bioaccumulation in fish.
Collection of stream physical characteristics data was attempted at 11 equally spaced transects along two established reaches of the Indian River. Stream conditions such as excessive depth or velocity prevented some of the physical data collection at all 11 transects at either reach. The data on physical characteristics of each stream reach were collected according to protocols described by Fitzpatrick and others (1998) . Physical characterization of each stream reach included measurements of riparian and instream aquatic habitat features. Habitat features measured included flow, aspect, open-canopy angles, and canopy closure, and the presence of any submerged features such as boulders or woody debris. Physical characteristics of each stream reach were documented with a set of notes and photographs taken during site visits.
Protocols outlined by Cuffney and others (1993) were used in the collection of benthic macroinvertebrate samples. Each sample was a composite of five subsamples, each of which was collected by disturbing 0.25 m 2 of streambed to wash macroinvertebrates into a 425 µm mesh collection net. Samples were subsampled at the NWQL to achieve a 300-organism subsample. If fewer than 300 organisms were present in a sample, subsampling was not necessary.
The USGS NWQL identified samples to the lowest taxonomic level possible. To determine the taxa richness, or number of taxa in a sample, ambiguous taxa must be resolved. An example of ambiguous taxa is if an individual is identified as family A, genus B, and species C and within the same sample another individual is identified as family A, genus B, but could not be identified to species. In this case, it would be 
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determined that only one unique taxon of family A, genus B existed in the sample. Two attributes, or metrics, of benthic macroinvertebrate communities that are sometimes used to describe water quality are diversity and evenness (Resh and McElravy, 1993) . There are many possible ways to calculate diversity, and in this report the Shannon-Wiener diversity index was calculated using the Multi Variate Statistical package software (Kovach, 1998) to describe the information uncertainty within a sample. For example, if a sample containing 20 individuals that represent 19 unique taxa, the uncertainty in being able to predict the taxon of any single individual in that sample is very high (a high diversity). Evenness is a relative measure of the calculated diversity to the maximum possible diversity given the number of taxa and individuals in a sample.
Benthic algal communities were sampled September 2002 at the two Indian River sites in accordance with Porter and others (1993) . Three additional samples of periphyton chlorophyll-a and biomass (both measures of algal standing crop) were collected at both sites in May and in September 2002. At each of the Indian River sites algae samples were collected from cobbles in riffle areas representing the taxonomically richest habitat in the stream. A quantitative sample was collected from known surface areas and composited to determine density and species composition. Algal samples were processed by the Academy of Natural Sciences of Philadelphia (Charles and others, 2002) . Chlorophyll-a samples were analyzed by the USGS NWQL using the standard USEPA fluorometric method (Arar and Collins, 1997) , and ash free dry mass (AFDM) was determined using methods described by Easton and others (1995) .
WATER QUALITY OF THE INDIAN RIVER
In this study a number of physical properties such as specific conductance, pH, water temperature, and dissolved oxygen; and chemical constituents such as major ions, nutrients, organic carbon, and suspended sediment were measured 11 times at each of two sites on the Indian River during the 2001-02 water years. These data establish a water-quality baseline of the Indian River.
Specific Conductance
Specific conductance is a measure of the ability of water to conduct an electric current. As the concentration of ions in solution increases or decreases so does the conductance of the solution. It is a readily measured property that can be used to indicate the dissolved-solids or ion content of the water. Frequently a statistical relation can be developed between specific conductance and the ionic components making up the dissolved solids in water. On the Indian River an inverse relationship can be seen between discharge and specific conductance ( fig. 4) . During low flow the conductance of the Indian River is higher than during high flow. The periods of higher specific conductance during low flow indicate a greater component of ground-water inflow. Ground water has greater potential to dissolve minerals having spent more time in contact with rocks and soil materials than rainwater or snowmelt. Periods of low specific conductance reflect runoff of rain or snowmelt, which typically contain small amounts of dissolved ions. Values of specific conductance during the study period ranged from 15 to 54 µs/cm at Indian River near Sitka site and from 16 to 56 µs/cm at Indian River at Sitka site. Continuously recorded values of specific conductivities for both sites during the 2002 water year are shown in figure 5.
pH
The pH of water is a measure of its hydrogen-ion activity and can range from 0 (acidic) to 14 (alkaline) standard units. The pH of river water typically ranges between 6.5 and 8.0 standard units (Hem, 1985) . During the study period, measured values of pH for sites on Indian River ranged from 6.5 to 7.7 at the upper site and from 6.5 to 8.1 at the lower site (table  1) .
Water Temperature
Water temperature is important in both physiochemical and biological processes such as oxygen solubility and fish metabolism and growth rates. Water temperature at the Indian River sites ( It is of interest to note that the maximum temperature for both sites was on August 12, 2002, which was also the date of the peak discharge during the study period.
Dissolved Oxygen
The dissolved-oxygen concentration in a stream is controlled by several factors, including water temperature, air temperature and atmospheric pressure, hydraulic characteristics of the stream, photosynthetic or respiratory activity of stream biota, and the quantity of organic matter present (Hem, 1985) . Salmon and other species of fish indigenous to southeast Alaska streams require well-oxygenated water at every stage in their life history, as do many forms of aquatic invertebrates. Young fish tend to be more susceptible to oxygen deficiencies than adults; however, several incidences of adult salmon kills in southeast Alaska freshwater systems have been attributed to dissolved-oxygen depletion (Murphy, 1985) . Measurements of dissolved oxygen at both Indian River sites during the study period ranged from 11.3 mg/L to 14.1 mg/L (table 1), the range of values being nearly identical at both stations. All measurements of dissolved oxygen levels indicate adequate concentrations to support populations of salmonids.
Alkalinity
Alkalinity is a measure of the capacity of the substances dissolved in water to neutralize acid. In most natural waters, alkalinity is produced mainly by bicarbonate and carbonate ions, which are formed when carbon dioxide or carbonate rocks dissolve in water (Hem, 1985) . Alkalinity concentrations for the Indian River sites (reported as equivalent concentration of calcium carbonate (CaCO 3 )) were essentially the same and ranged from 11 to 17 mg/L at Indian River near Sitka and from 10 to 15 mg/L at Indian River at Sitka (table 1). The range of pH measured at these sites indicates that all of the alkalinity can be attributed to dissolved bicarbonate. Alkalinity measurements of this magnitude indicate that Indian River has a low buffering capacity.
Major Ions and Dissolved Solids
Water samples collected from both Indian River sites were analyzed for major ions and dissolved solids (table 2) . Major ions and dissolved solids in rivers consist of inorganic minerals derived primarily from soil and rock weathering. Dissolved cations that constitute a majority of the dissolved solids content in natural waters are calcium, magnesium, sodium, and potassium. The major anions are usually represented by sulfate, chloride, fluoride, nitrate and those making up the alkalinity (Hem, 1985) . Streams draining basins with rocks and soils containing insoluble minerals contain lower concentrations of dissolved solids. Indian River samples indicated that dissolved solid concentrations were generally low, ranging from about 19 to 34 mg/L at both sites (table 2) . Concentrations at low levels such as these are representative of basins containing shallow soils and rocks that are not easily dissolved or of brief contact time with more easily dissolved rocks.
Calcium and magnesium are both common alkaline-earth metals that are essential elements in plant and animal nutrition. Both calcium and magnesium are major components of positively charged ions in most natural waters (Hem, 1985 and from 0.47 to 0.74 mg/L for magnesium. Concentrations of these constituents were similar at both Indian River sites (table  2) . Sodium and potassium are both present in most natural waters, but usually in low concentrations in rivers. Sodium concentrations ranged from 1.7 to 2.3 mg/L in Indian River near Sitka and from 1.8 to 2.4 mg/L in Indian River at Sitka. Potassium concentrations ranged from values below detection limits of 0.09 mg/L to 0.18 mg/L at Indian River near Sitka. Potassium concentrations in the Indian River at Sitka site ranged from an estimated value of 0.10 mg/L to 0.82 mg/L. Bicarbonate was the dominant anion at both of the Indian River sites. Concentrations ranged from 12 to 20 mg/L and were similar at both sites (table 2) . Silica, which is dissolved from rocks and soils, is the next most abundant anion with concentrations ranging from about 2.7 to 4.4 mg/L; again concentrations were similar at both sites. Chloride concentrations ranged from 2.1 to 4.4 mg/L and sulfate concentrations ranged from 1.3 to 2.2 mg/L with similar concentrations at both sites (table 2) .
Trilinear diagrams, similar to those developed by Piper (1944) , were use to plot the major ions in milliequivalents per liter. The trilinear diagram permits the chemical composition of multiple samples to be represented on a single graph, and facilitates classification of the sample chemistry. Based on the samples collected during this study, the water of both Indian River sites can be classified as calcium bicarbonate water ( fig.  7 ). Major ion chemistry will change as the sources of water generating streamflow changes. The trilinear diagram further demonstrates that major ion composition of Indian River exhibits minimal variation between the upstream and downstream site within the range of flows sampled.
Nutrients and Organic Carbon
Nitrogen is an important water-quality constituent as a component of the protoplasm in aquatic biota, and thus is an essential nutrient in lakes, streams, and rivers. In aquatic ecosystems, nitrogen commonly occurs in three ionic forms: nitrite (NO 2 ), nitrate (NO 3 ), and ammonium (NH 4 ). Nitrite and nitrate are oxidized forms of inorganic nitrogen that make up most of the dissolved nitrogen in well-oxygenated streams such as Indian River. Nitrate is generally more abundant than nitrite in natural waters because nitrite readily oxidizes to nitrate in oxygenated water. In the laboratory, ammonium is analyzed as ammonia (NH 3 ); thus nitrogen concentrations are reported as total and dissolved ammonia plus organic nitrogen, dissolved ammonia, dissolved nitrite plus nitrate, and dissolved nitrite. Total ammonia plus organic nitrogen concentrations represent the ammonium and organic nitrogen compounds in solution and associated with colloidal material. The dissolved concentrations represent the ammonium or nitrite plus nitrate in solution and associated with material capable of passing through a 0.45-µm-pore filter.
All concentrations of the various nitrogen forms were less than 1 mg/L (table 3) . Due to its toxicity to freshwater aquatic organisms, the U.S. Environmental Protection Agency (USEPA) (U.S. Environmental Protection Agency, 1976) suggests a limitation of 0.02 mg/L of ammonia as unionized ammonia for waters to be suitable for fish propagation. Concentrations of ammonia (both ionized and unionized) were all below this level at both Indian River sites.
Phosphorus is an element vital to all forms of aquatic biota because it is involved in the capture and transfer of chemical energy and it is an essential element in nucleic acids (Gaudy and Gaudy, 1988) . It occurs as organically bound phosphorus or as phosphate. Elevated concentrations of phosphorus in water are not considered toxic to human or (table 3) . Dissolved organic carbon (DOC) is a major component of organic matter in aquatic ecosystems. DOC is defined as organic carbon in the filtrate (dissolved and colloidal phases) that has passed through a 0.45-µm filter. Generally, DOC is in greater abundance than particulate organic carbon (POC), accounting for about 90 percent of the total organic carbon of most waters (Aiken and Cotsaris, 1995) . For the Indian River sites, concentrations of DOC and POC ranged from 0.5 mg/L to 3.3 mg/L, and less than 0.1 mg/L to 0.4 mg/L, respectively (table 3) .
Suspended Sediment
Sediment in rivers is transported in suspension and as bedload. Suspended sediment generally consists of fine particles such as clay, silt, and fine sand that are transported in the stream while being held in suspension by the turbulence of flowing water. Bedload consists of coarse sediment particles such as sands, gravels, and sometimes boulders that are transported along or near the streambed.
Measured values of suspended sediment in Indian River (table 4) were quite low at both sites. The maximum concentration of suspended sediment for Indian River at Sitka was 4.0 mg/L. Minimum concentrations of less than 1.0 mg/L were measured on three occasions. Concentrations of suspended sediment at Indian River near Sitka were similar with maximum concentrations of 3.0 mg/L measured twice, and minimum concentrations less than 1.0 mg/L measured twice. Concentrations of suspended sediment generally, but not always, coincided with greater discharges measured at these sites. Suspended sediment concentrations were measured at discharges ranging from 9.2 to 270 ft 3 /s, which represent 5-95 percent exceedance of flows ( fig. 3) .
A single sediment sample collected prior to the study, on October 12, 1982 indicates suspended sediment load increases on Indian River during high flow events. The 1982 sample 
Trace Elements in Streambed Sediments
Trace elements are often sourced from the natural environment, but may be redistributed by anthropogenic activities such as urbanization. Although some trace elements are essential micronutrients they may become toxic to exposed organisms at elevated concentrations. Concentrations of trace elements in the dissolved form are often low due to their tendency to adsorb to sediment particles; the concentrations of these same elements can be high in streambed sediments, which often serve as a sink for these elements. Samples of the streambed were collected and analyzed for 39 trace elements and organic carbon at both Indian River sites on May 15 and 16, 2002 (table 5). Most of the trace elements analyzed in streambed sediment samples were present at both sites on the Indian River and at similar concentrations. Of the 39 trace elements analyzed only bismuth, gold, and thalium were not detected in bed sediments.
Studies of potential toxicity from trace elements in bed sediments to aquatic organisms have been limited to the following elements: arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium, and zinc. Trace-element concentrations in streambed sediments from the two Indian River sites were compared to those of previous studies (table 6) . The Canadian Council of Ministers of the Environment (1995) established guidelines for some trace elements in unsieved streambed sediment. These guidelines utilize two assessment values: the lower value is called the "interim freshwater sediment quality guideline" (ISQG); this is the concentration below which adverse effects are expected to occur rarely. The upper value, titled the "probable effect level" (PEL), is the concentration above which adverse effects are expected to occur frequently. Because trace-element samples from the Indian River are from sediments finer than 0.062 mm, where trace-element concentrations tend to be greatest, comparisons with the Canadian guidelines may overestimate the effects on aquatic organisms (Deacon and Stephens, 1998) . However, the PEL would still be useful for comparative purposes when applied to the sediment samples analyzed for Indian River. MacDonald and others (2000) established sediment quality guidelines (SQGs) for seven trace elements, and Van Derveer and Canton (1997) established guidelines for selenium. These guidelines define two levels of significance for each trace element, the threshold effect concentration (TEC) and the probable effect concentration (PEC). The TEC is the concentration below which adverse effects are not expected in sediment dwelling organisms. The PEC is the concentration above which toxicity is likely. MacDonald and others (2000) also developed a mean PEC quotient, which attempts to quantify the toxicity of combined trace element concentrations. The mean PEC Quotient is determined by dividing the concentration of each trace element by its consensus based PEC. The sums of the individual PEC quotients are then normalized to the number of PEC quotients that are calculated for each sediment sample. The PEC quotient is based on normalized values for organic carbon (1 percent dry weight) in the bed sediments. A PEC quotient value below 0.5 indicates absence of toxicity and a value greater than 0.5 indicates the presence of toxicity.
The trace element concentrations for the Indian River sites indicated that the concentrations were similar at both sites (table 5) . Slight decreases in the concentrations of the nine trace elements in a downstream direction suggest they originated from natural sources with no indication of anthropogenic influences at the downstream site. Concentrations of arsenic, chromium, copper, nickel, and zinc were greater than the national median values determined by Gilliom and others (1998) . Concentrations of arsenic, chromium, copper, and zinc all exceeded the ISQG limits at both sites. Concentrations of arsenic, chromium, copper, and nickel from the Indian River were substantially greater than the median concentrations from 47 sites in the Cook Inlet Basin, Alaska ( fig. 8) (Frenzel, 2002) . However, maximum concentrations for these elements in the Cook Inlet Basin were greater than Indian River. Comparisons also may be made to NAWQA sites sampled in specific land-use categories from 1992 to 2000 where reference sites represent relatively undisturbed basins and urban sites represent urban, residential, and commercial land uses ( fig. 8) . Only arsenic and chromium concentrations from the Indian River samples exceed the 75th percentile values for the three land-use categories shown. Comparison of the Indian River bed sediment trace element concentrations with the TEC, PEC, and mean PEC quotient indicated that the TEC was exceeded for arsenic, chromium, copper, nickel, and zinc while the PEC was exceeded by arsenic, chromium and nickel. However, the mean PEC quotients were 0.19 for Indian River near Sitka, and 0.28 for Indian River at Sitka. Both of these values are below the lower toxicity threshold of 0.5. The toxicity quotients for both sites were reduced due to relatively high concentrations of organic carbon in the bed sediments (table 5) . MacDonald and others (2000) noted that sites with relatively high concentrations of organic carbon in bed sediments have lower potential for toxicity.
Organic Compounds
Streambed sediments at Indian River near Sitka and Indian River at Sitka were collected and analyzed for 65 organic compounds on May 15 and 16, 2001 (table 7) . No compounds were detected above the Minimum Reporting Level (MRL) of 50 µg/kg. The compound butylbenzylphthalate was analyzed at an estimated concentration of 10 µg/kg, which is below the MRL. Concentrations of this compound were compared with blank samples analyzed at the NWQL and Gilliom and others (1998) suggested subtraction of 64 µg/kg of this analyte to obtain values that would correct for laboratory contamination. This suggests the detected values in the Indian River samples may be entirely due to sample contamination.
FLOW CHARACTERISTICS OF THE INDIAN RIVER
The principal flow source of Indian River is precipitation runoff, evidenced by hydrographs that closely track rainfall delivered by regional storm fronts. Discharge generally coincides with precipitation as measured by the National Weather fig. 9) . Discharge in the Indian River Basin responds quickly to rainfall events due to steep topography and shallow soils. Flood-peak durations are usually measured in hours rather than days. The flood of November 19, 1993 was the greatest flow on record and had a peak discharge of approximately 6,500 ft 3 /s at the Indian River near Sitka gaging station. The greatest discharges are during the fall months in response to regional storms, however, rain-onsnow floods occur during the winter months in many southeast Alaska streams.
A monthly flow hydrograph depicts the maximum, minimum, and mean monthly discharge in Indian River near Sitka gaging station for the 17 years of record ( fig. 10 ). Discharges generally are greatest during September and October when storms are most frequent, and exhibit a gradual decline through winter and early spring. Discharge typically increases in May and June in response to snowmelt in the higher elevations of the drainage. and Game (ADF&G) for instream flows to protect salmon habitat in the Indian River. CBS maintains a diversion facility 1.4 miles upstream from the mouth of Indian River. The facility uses Indian River water as a backup potable water supply when the primary supply is not available. CBS demands for Indian River water usually only occur a few days each year. SJC maintains a diversion flume that withdraws water from the Indian River at a point approximately 0.8 miles upstream from the mouth. The water is diverted to the SJC campus for use at a fish hatchery. In addition to the two gaging stations on the Indian River, miscellaneous measurement sites have also been used to assess discharge and diversions ( fig. 2) . Indian River near Sitka (station 15087690) was selected to evaluate natural flow conditions and Indian River at Sitka (station 15087700) was selected to evaluate flow reductions in the lower reaches due to flow diversions by the CBS and SJC. Indian River near Sitka was used primarily as a control in the analysis. Indian River at Sitka is located below the two diversions (CBS and SJC) on the Indian River and was used to provide information on flow reductions in the downstream reaches. An additional gage was installed on the Indian River diversion to SJC at Sawmill Creek Blvd (station 15087730) in October 1998 and 
Indian River Streamflow and Diversions
PHYSICAL HABITAT AND BENTHIC COMMUNITIES OF INDIAN RIVER SITES Physical Habitat
Two reaches, one near each of the Indian River gaging stations, were selected for physical habitat characterization ( fig. 12 ). Habitat data collected at the two reaches are shown in table 9. The upper reach, near the Indian River near Sitka gaging station, was surveyed on September 17 and 18, 2002 and consisted of a series of riffles, runs, pools, and cascades with channel widths ranging from 42.0 to 50.5 feet. Channel widths could not be measured across cascading reaches. Both the left and right banks were bounded by spruce forest with open canopy angles ranging from 50 to 90 degrees on the left bank and 70 to 90 degrees on the right bank. Bank substrate was dominated by silt and clay at most transects with bank substrate bounding cascades consisting of boulders and bedrock outcrops. Mean flow velocities of the transects May 1 -June 30 51
July 1 -July 15 43
July 16 -July 31 51
August 1 -September 30 61 ranged from 1.5 to 4.0 ft/s, however, velocity measurements could not be obtained within transects that bisected cascades, as the depths and velocities were such that measurements were unsafe. Habitat cover in the form of undercut banks, boulders and woody debris was noted throughout the reach. The Indian River at Sitka gaging station reach, was surveyed on September 17 and 19, 2002. This reach consisted of a series of riffles, runs, and pools with an extended series of cascades through the upper portion of the surveyed reach. Physical habitat measurements could not be obtained in the upper portion of the reach due to the presence of steep swift cascades. Where channel widths could be measured, widths ranged from 32 to 64 feet. The dominant riparian land use of the left bank was classified as urban residential/commercial while that of the right bank was predominantly forested woodland. Where measurements could be obtained the open canopy angles ranged from 65 to 90 degrees. Mean channel velocities ranged from 2.1 to 2.8 ft/s, however, velocities could only be obtained at the lower 4 of 11 transects due to a combination of excessive depths and velocities. Bank substrate ranged from coarse gravel to boulders and bedrock on both banks. Habitat cover in the form of boulders was present in most transects and woody debris was noted in transects 5 and 10.
Algae
Benthic algae are important primary producers in streams and a principle food source for many aquatic macroinvertebrates. Because they are attached to rocks and other submerged surfaces in streams, algae can be useful indicators of both physical and chemical disturbances to aquatic habitat. Algae are often useful indicators of stream quality because they integrate water-quality conditions over time, and the tolerance or sensitivity to changes in environmental conditions is known for many species.
Benthic algal communities were sampled at the two Indian River sites in September 2002 (tables 10 and 11). Algal taxa generally were identified to species and enumerated as cell density (cells per square centimeter, cells/cm 2 ) and biovolume (cubic micrometers per square centimeter, µm 3 / cm 2 ). Biovolume can vary greatly among species with similar cell density in a sample because the size and shape of cells differs among species. For example, although cell density for Spirogyra sp. and Reimeria sinuata is similar (table 10), the biovolume calculated for Spirogyra sp. is more than two orders of magnitude larger than Reimeria sinuata. Total periphyton algal biomass was estimated by summing the biovolume for all species in each sample and multiplying by 10 -8 to convert units to cubic centimeters per square meter (table 12) . Assuming near unit density for algal cells, these units are roughly equivalent to grams per square meter (g/m 2 ), an estimate of algal biomass. At both Indian River sites algal communities were dominated, taxonomically, by pennate diatoms, however, blue-green algae (Pseudanabaena sp.) accounted for much of the algal biomass at Indian River near Sitka while both green Physical habitat and benthic communities of Indian River Sites 21 Table 9 . Instream and riparian habitat variables measured at Indian River near Sitka (station 15087690) and Indian River at Sitka (station 15087700).
[-, unreliable or missing data; E, estimated; LEW, left edge of water when looking downstream; REW, right edge of water when looking downstream; LB, left bank; RB, right bank, ft, feet; ft/s, feet per second; angles measured in degrees; SW, shrubs or woodland; UR, urban residential/commercial; %, percent; p, present; a, absent] Site number ( algae (Spirogyra sp.) and blue-green algae (Pseudanabaena sp.) accounted for much of the algal biomass at Indian River at Sitka (tables 10 and 11). Thirty-five algal species were identified in a sample collected at Indian River near Sitka and 24 species were identified in a sample taken at Indian River at Sitka. Algal biomass at Indian River near Sitka was dominated by Spirogyra sp., Pseudanabaena sp., and Hannaea arcus. Indian River at Sitka had an algal biomass that was dominated by Pseudanabaena sp., and Hannaea arcus, a pollution-sensitive diatom species (Bahls, 1993) . Pseudanabaena sp. is a blue-green algal genus capable of fixing elemental, atmospheric sources of nitrogen (Bold and Wynne, 1978) . Nitrogen-fixing algae frequently dominate streams with low ambient concentrations of dissolved nitrogen and those in which nitrogen is the limiting factor controlling algal production (Borchardt, 1996) . Bahls (1993) published a water-quality index (Bahls's Pollution Index, BPI), based on Montana diatom data, to predict potential stream degradation resulting from nutrient and organic enrichment. The BPI value can range from 1, where only pollution tolerant diatoms are present, to a value of 3, where only pollution sensitive diatoms are present. The BPI value was 2.7 at the Indian River near Sitka and 2.5 at Indian River at Sitka, indicating that during September 2002, the quality of the Indian River was good and adverse effects from nutrient and organic enrichment were minimal.
Three samples of periphyton chlorophyll-a and biomass collected at Indian River near Sitka indicated an increase in algal biomass over the course of the summer, with values increasing from 1.6 mg/m 2 in May to 6.3 mg/m 2 in September (table 12) . Periphyton chlorophyll-a values for Indian River at Sitka decreased from 5.3 mg/m 2 in June to 1.9 mg/m 2 in September. Periphyton ash-free dry mass (AFDM) was similar between sites and among dates; values ranged from 0.9 to 2.0 g/m 2 (table 12) . During September, algal biovolume accounted for more than 87 percent (1.4/1.6) of periphyton AFDM in the Indian River near Sitka, but only about 11 percent (0.1/0.9) of AFDM in the Indian River at Sitka. Similarly, periphyton chlorophyll-a values were more than 3 times larger in the Indian River near Sitka than in the Indian River at Sitka. These between site relations may reflect proportional differences in the abundance of autochthonous (algae) and allochthonous (non-algal coarse particulate organic matter) food resources for macroinvertebrates and fish. Values for chlorophyll-a, AFDM, and periphyton algal biovolume in this study are indicative of oligotrophic water-quality conditions in temperate streams (Dodds and others, 1998) and are consistent with values for "unenriched," forested streams in New Zealand (Biggs, 1996) where chlorophyll-a typically was in the range of 0.5 mg/m 2 (lower quartile) to 3 mg/m 2 (upper quartile), with medians of 1.7 mg/m 2 for chlorophyll-a and 1.5 g/m 2 for AFDM.
Analysis of the benthic algae samples indicate that the quality of the Indian River where benthic algae samples were collected during 2002 is good to excellent and probably reflects background conditions in the region. The trophic condition of the river was oligotrophic, and algal productivity likely is limited by low concentrations of dissolved nitrogen. Although algal-community structure indicates some influence from concentrations of dissolved salts, no obvious adverse effects of nutrient or organic enrichment were noted in the composition or abundance of pollution-tolerant species.
Macroinvertebrates
Benthic macroinvertebrate samples were collected from the two sites on Indian River in May and September 2002. The taxonomic identification of the macroinvertebrates from these samples is shown in table 13. Mayflies (order Ephemeroptera) comprised the greatest number of individuals in each sample, ranging from 64 to 1,250 (table 14) . There was little variability in the numbers of unique taxa between sampling sites or between seasons (table 14) . Larger numbers of individuals were collected during the May sampling than during the September sampling, likely due to emergence of adult insects throughout the summer. Additional information on aquatic insects found in the Indian River is included in the appendix.
Although few taxa were collected relative to many highquality streams in the contiguous United States, the numbers of taxa are fairly typical for streams in Alaska. Macroinverte-
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Water quality and streamflow of the Indian River, Sitka, Alaska, 2001-02 brate samples collected and analyzed using identical methods as in this study identified 14 and 12 unique taxa from the Johnson River in Lake Clark National Park and Preserve and the Kamishak River in Katmai National Park and Preserve, respectively (Frenzel and Dorava, 1999) . Three sites sampled in Denali National Park and Preserve using these methods had 18, 27 and 28 taxa (Brabets and Whitman, 2002) . Again, using the same methods, between 21 and 34 unambiguous taxa were identified from 14 streams in Anchorage (Ourso, 2001 ).
Relatively few non-insect taxa were collected, although the sample from the Indian River at Sitka site in May had 80 individuals representing three distinct taxa of worms (class Oligochaeta), whereas worms are tolerant of poor water quality, they are often present in streams with excellent water quality. Macroinvertebrates in the orders Ephemeroptera, Plecoptera (stoneflies), and Trichoptera (caddisflies) are typically associated with good to excellent water quality. The number of taxa in these families is called EPT richness, and ranged from 10 to 15 in the Indian River samples (table 15) . By comparison, EPT taxa richness ranged from 4 at the Johnson and Kamishak Rivers (Frenzel and Dorava, 1999) , between 10 and 13 at sites in Denali National Park and Preserve (Brabets and Whitman, 2002) , and between 7 and 14 at streams in Anchorage (Ourso, 2001) . The streams in Anchorage had the greatest taxa richness and EPT taxa richness at sites with very low levels of development and the least taxa richness and EPT taxa richness at the most urbanized sites.
Shannon-Wiener diversity index and evenness values should be used only in conjunction with other information to interpret water-quality conditions with the small number of samples available from Indian River. The diversity index ranged from 2.67 to 3.58 (table 15) 
SUMMARY AND CONCLUSIONS
Indian River is an anadromous fish stream that is an important natural resource element of Sitka National Historical Park. Stream reaches upstream of the park may be developed in the future. This may affect water quality of the Indian River. Due to concerns of the water quality and aquatic habitat in Indian River, two sites were studied during the 2001 and 2002 water years. One site represents an undeveloped area while the second site represents the developed area of the Indian River. Analysis of discharge, water chemistry, bed sediment, and biological data from both sites indicate that the Indian River has thus far suffered minimal effects from development.
Discharge in the Indian River is typical of coastal southeast Alaska streams where lowest flows generally are in late winter and early spring and greater flows are during the wetter fall months. Alaska Department of Fish and Game has established instream flow reservations on the lower 2.5 miles of Indian River. During the study period, ADF&G instream flow reservations were not achieved a total of 236 days. Of these 236 days, flow diversions upstream of Sitka National Historical Park were responsible for reducing flow below reservation levels a total of 140 days.
Measurements of pH, water temperature, and dissolved oxygen concentrations of the Indian River were within acceptable ranges for fish survival. Recorded values of specific conductance and discharge indicate values of specific conductance are highest during low flows. The ionic composition of the Indian River is a calcium bicarbonate water type with a low buffering capacity. Concentrations of dissolved ions and nutrients in both Indian River sites were generally low and showed little variation between the upper and lower sampling sites.
Concentrations of arsenic, chromium, copper, nickel, and zinc in the bed sediment of both Indian River sites exceeded the TEC and concentrations of arsenic, chromium, and nickel exceeded the PEC. However, calculated toxicity quotients were low due to relatively high concentrations of organic carbon in the bed sediments.
Thirty-five species were identified from the sample collected at Indian River near Sitka while 24 algae species were identified from the sample collected at Indian River at Sitka. Most species of algae identified in the Indian River samples were diatoms and the majority were pinnate diatoms; however, green algae and (or) blue-green algae accounted for much of the algal biomass at the two sites. The trophic condition of the Indian River is oligotrophic, and algal productivity likely is limited by low concentrations of dissolved nitrogen.
Few invertebrate taxa were collected relative to many high-quality streams in the contiguous United States, but the number of taxa in Indian River may be typical of Alaska streams. Ephemeroptera was the most abundant family sampled followed by Diptera.
